The objective of this study was to evaluate the short-term effect of ambient air poliution on the pulmonary function of schoolchildren. We sampled 941 children in primary school in three communities in Taiwan (Sanchun, Taihsi, and Linyuan). The nearby stations of the Taiwan air quality monitoring network provided the hourly ambient concentrations of sulfur dioxide, carbon monoxide, ozone, particulate matter . 10 pm in aerodynamic diameter, and nitrogen dioxide.
The objective of this study was to evaluate the short-term effect of ambient air poliution on the pulmonary function of schoolchildren. We sampled 941 children in primary school in three communities in Taiwan (Sanchun, Taihsi, and Linyuan). The nearby stations of the Taiwan air quality monitoring network provided the hourly ambient concentrations of sulfur dioxide, carbon monoxide, ozone, particulate matter . 10 pm in aerodynamic diameter, and nitrogen dioxide.
Spirometry was performed once for each sampled child. We also obtained the status of indoor air pollution and chronic respiratory disease history by using a structured questionnaire. Multivariate linear model analysis was used to evaluate pulmonary function effects of each pollutant in addition to detenninants of indoor air pollution and meteorologic conditions. We found a significantly negative association of peak .0 concentration on the day before spirometry with individual forced vital capacity and forced expiratory volume in 1 sec. The decrease in children's lung function can occur at peak hourly 03 concentrations < 80 ppb. The slope of lung fiuction decrease for Taiwanese children is approximately 1 mL/ppb for peak hourly 03 exposure. Key words:
ozone, pulmonary function, schoolchildren, short-term effect. Environ Health Perspect 107: 921-925 (1999) . [ Online 19 October 1999] htap://ehpnetl.niebs.nib.gov/docs/l999/107p921-925chenfabstract.html Pulmonary function as an index of respiratory health effects of the lower airway has been documented in previous studies (1,2). Most major pollutants can alter pulmonary function in addition to other health effects when the exposure concentrations are high. In a relatively low-dose exposure due to common air pollution, however, each pollutant is not thought to have significant effects on pulmonary function (3). Ozone (03), a strong oxidant, is most frequently reported to produce pulmonary function impairment at low levels because it may induce lipid peroxidation and the production of cycloxygenase that triggers the neural receptors of the airway (4, 5) . Particulates < 10 pm in aerodynamic diameter (PM1O) also have a negative effect on pulmonary function in many studies, but the mechanism is still unclear (6, 7) .
Although the problems of air pollution in Taiwan are relatively severe, it was not until recently that the health effects associated with air pollution were reported (8) (9) (10) . From the preliminary analyses of the pollution-monitoring data, we know that the major pollutants in Taiwan are 03 and particulates in most places and sulfur dioxide (SO2) pollution in others (11) . A cross-sectional survey of pulmonary function of children in primary school was designed to investigate the short-term effect of ambient air pollution. meter), and NO2 (in parts per billion) were taken to obtain the daytime average or peak concentrations and to be put into modeling. We used daytime average or peak concentrations from 0800 to 1800 because they were better representative of these schoolchildren's exposure.
Materials and Methods
To determine the most appropriate models for the basic determinants, we first examined the combinations of anthropometric measurements that best explained spirometric performance. Thus, we considered standing height, weight, and BMI, as well as sex interaction terms with age and height. First, bivariate plots of pulmonary function against height were constructed by sex. This was done to determine the functional form of association, then we estimated models with and without interaction terms. Finally, we included sex, standing height, and BMI only in a separate set of models.
One-pollutant models for each air pollution variable were adjusted for sex, height, BMI, community, and average atmospheric temperature and rainfall. These analyses were repeated using the air pollution values with 1-, 2-, and 7-day lags to determine separately for each air pollution variable if there was an effect on pulmonary function and which lag time showed the strongest association. For each pulmonary function measure, a multipollutant model included all of the air pollution variables that had shown significant and/or strong associations in the above analyses. We further stratified the peak 03 concentrations into four strata: < 40, 40-59, 60-79, and 2 80 ppb to investigate thresholds and dose-response effects of 03 on pulmonary function changes. All statistical analyses were performed using SPSS for Windows, release 6.1 (16) .
Results
Peak concentrations of air pollutants in the day before spirometry are shown in Figure 1 Table 1 were not very different during the study period.
Although 941 children were examined physically and performed pulmonary function tests, 46 children whose tests were dassified as test failure were not used for further analyses. The reported prevalences of respiratory diseases in these schools are summarized in Table 1 . Children living in the urban area had higher rates of allergic rhinitis and bronchitis than those living in the rural and petrochemical communities. Except for FVC, the other pulmonary function values were significantly different among the three communities. Pulmonary function values except FEV1O/FVC were the highest in the urban community, followed by those in the petrochemical community (Table 1) .
The results of one-pollutant models for SO2, CO, 03, PM1O, and NO2 are listed in (21) found no temperature effect under ambient conditions, other studies (22, 23) showed that ambient heating coinciding with 03 episodes might modify the overall effect of 03 on pulmonary function. In this study we found that both atmospheric temperature and rainfall on the day before spirometry indicated the negative relation for lung function values (Table 2) .
Although we tried different numerical figures of different air pollutants during model construction, the 03 level of the day before pulmonary function testing was the only significant pollutant that affected lung function after controlling other variables (Table 2) . Because PM1O and 03 were the only pollutants that exceeded the NAAQS, we concluded that SO2, CO, and NO2 did not have short-term effects on lung function under the low levels in Figure 1 . In addition, we did not find any specific acute effect on lung function when the levels were near a daily average of 125 gg/m3 for PMIO.
The study communities were located in different regions of Taiwan and therefore exhibited differences in indoor air pollution. The prevalence of most of the reported respiratory conditions was higher (day or night cough, chronic cough, shortness of breath, and bronchitis significantly so) among children whose fathers or mothers were smokers, as compared to the children of nonsmoking parents (3). However, we could not detect any significant effect on lung function, including passive smoking, with exposure to other combustion sources in the dwelling.
Four studies of everyday life (24-27) involved full spirometric measurements for the children. The Six Cities Study (24) also showed that pulmonary function damages occurred even when the peak ozone level was < 80 ppb, and no clear threshold level has yet been established. Larger negative coefficients were determined for the children with a history of chronic phlegm in a study in Mexico (25) , but our study and a Dutch study (26) did not reach the same condusions. Because 03 is highly reactive, our result suggests that it may be deeply absorbed by the lower respiratory airways and produce mild restriction and obstruction within 24 hr. However, all of these studies (including ours) were conducted cross-sectionally or under short-term observation. Whether such an effect is reversible and/or will produce a long-term health effect should be proven by a longitudinal follow-up study in the future. Moreover, schoolchildren's individual exposure to air pollutants should be assessed in more detail to estimate the dose-response relationship more precisely. Models or field studies to characterize children's individual exposure as well as measurements of detailed time activity are strongly recommended.
